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A MILITARIZED, THREE-PHASE, LINE- 
VOLTAGE REGULATOR 


Tlic Type 1570-AS25 Liiu*-Voltage 
lU^gulalor is a completely militarized 
servo-controlled three-phase r(»gulator. 
The inherent advantages of no distor¬ 
tion, large power rating, and high effi¬ 
ciency of this ty|>e of regulator, com- 
hinecl with its high ac<*uracy and excel¬ 
lent transient ri*sponse, make it esjie- 
cially attractive for many applications. 
In addition to themilitar>H*nvironmental 
re(|uireinents of shock, vibration, tem¬ 
perature, humidity, and so forth, the 
unit is designcHl with particular empha¬ 
sis on flexibility, ease of maintenance, 
reliability, aiul long life. 

'riiis regulator is similar in construc¬ 
tion to the single phase Type 1o 7()-AS15 
Liiu^-Voltage Ib'gulator.' For adapta¬ 
bility and ease of maintenance, it is built 
in two units (Figure 1), The control unit 
contains all the ele<*tronic circuitry and 
is identical with the contnd unit of the 
singli'-phase model. The regulator unit 
consists of a three-gang Wo \’ariac, a 
servomotor, and three *^buck or boost*’ 
transformers. 

Hecause all thrcM.* phases are controlk*d 
together in response to the variations on 
one control phase, only a singh* s4»rvo is 
rcKtuireil, and considerable space and 
price savings are possible over the use of 


three separate regulatoi*s. While the 
performance of this type of regulator is 
independent of load or load balance, any 
input voltage unbalance that results 
cannot be correct( h 1, since each phase is 
not controllc*d indep<»ndently. Thus, for 
accurate regulation, a balanced input 
voltage is nm‘ssary. 

E^se of maintenance was a prime con¬ 
sideration in the original design of the 
regulator. If service of the electronic cir¬ 
cuitry is required, only the small contml 
unit nml be removcnl. The larg(‘r unit 
with all its power wiring can stay in serv¬ 
ice supplying uninterrupte<l (but un- 
regulatwl) power while the control unit 
is l)eing replactNl or repainnl. Manual 
control of output voltage is possible dur¬ 
ing these intervals by means of the 
^'ariac® dial on the front panel. 

Tul)es can be replactnl without the re¬ 
moval of any covers other than tube 
shields. Hemoval of a single dust cover 
exposes all other componc'iits. Com¬ 
ponent wiring is accomplished with an 
etched circuit to provide a high degns* 
of uniformity In'lween units. Kach com¬ 
ponent is mark(xJ with its magnitude 
and rating ami is identifitMl by a com- 

C. Holtic. *‘Miiitan<c(l t.inc-VolUgr Regulator." 
Gaitral Radio JSxprriiHcnier, 31,6, NoveniUcr, 1956. 
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IxMioni number printed on tlie mounting 
U)ard. The removal of the l>ottom cover 
plate (*xj>oses all etched wiring;. The 
complete cinaiit diagram is silk si’reened 
on the inside of this plate. For proU^tion 
against the effects of moisture and fun¬ 
gus growths, the elchetl board is .sealeil 
with a fungus-resistant varnish. 

Hellability and long life have U'en 
assuretl by conservative ratings and the 
use of the l)est materials and components 
in simple circuits that have provcMl re¬ 
liable in long field experienc«*. 

For maximum versatility, a switch is 
provide<l inside the control unit for 5(b 
cycle operation of the regulator. In the 
r>()-{*ycle switch position, the range of 
operation is 45 to 55 c; in the bO-cycle 
position, it is 55 to 65 c. Space is also 
provided for the installation of a sei>- 
arate out put-volt age-sampling trans¬ 
former to permit control of 400-cycle 
|K)wer, although 50- or 00-cycle power 
must be available to operate the control 
unit. 

To provide adeejuate strength for 
military shock and vibration reipiirc*- 
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merits, the regulator unit is built on a 
seven-inch, I’-shaiMHl, extrude<!-alumi- 
num channel. The .smaller control unit 
mounts on a aluminum panel. Roth 
units will withstand the standard 1200- 
ft.-lb. shock test, and they show no sig¬ 
nificant mechanical r(*sonances up to 
55 cycles per second. 

The regulator is d<‘signe<l to mec't or 
to exceed the general re(|uirements of 
MIL-F>lir>8R and MlI^-E-irhlOOB. It 
will opt'rate at full load ov er the amluent 
temperature range from —29°C. to 
-f52®(\ (—20® to 4-125® F.) and for non¬ 
opera t i n g st oragc' f n »n i —54 ®C\ t o 4-85 °C’. 
(—65® to 4-185®F.). With .spwial motor 
lubricants, operation is possible at far 
lower temijeratures. ()p<*ration is pos¬ 
sible with relative humidity up to 100 
percent, including condensation causc<l 
by temperature changes. 

While tlu'se military specifications are 
generally more severe than those en¬ 
countered in most industrial applica- ^ 
tion.s, the increascHl reliability and ea.s<» 
of maintenance may often justify tin* 
use of the militarizfHl regulator in critical 
industrial applications. This is particu¬ 
larly true for ap))licHtion.s at high am¬ 
bient temfK'ratures or for portable in¬ 
stallations where mechanical .sho<*k or 
v'ibration is encuuntere<l. 

— M. C. IIOLTJK 


SPECIFICATIONS 
Terminals: Multipoint mnnrrtoF strips*. 
Fr«qu*ncy: 45-55 fycloH or 55-05 cyclp.*^, a.s so- 
l<*(’t4‘(l by n switch. 

Waveform Distortion: None, 

Wovoform Error: The tivcnigc v:Uuc of the out¬ 
put \ 9 t»lt:igc Is hold const tint, and a load<'d dc 
power .Hupplv ojM'rattd fmm the output of the 
regulator will give constant output voltage rt*- 
gardh*ss of the hannonic distortion pit'sent in 
the power line. The nns output volt:»ge will also 
n'main constant, n‘gartlles.s of the harmonic 
distortion present, as long lis the phase and 


Figure 2. Functional block diogrom of the regulator. 
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nmpliiude of these harmonies :ire constant. If 
•the harmonic (content ch:ing<*s, the rms value 
will <‘hange by an mnount le.ss than Ali/n, 
^ where A/? is the change* in the* harmonic am¬ 
plitude* and n is the* harmemie number. 

Ambi«nt T«mp«rature: Full ratings apply OVCr a 
temperature range of —‘iO” to -f-52“C. 


Power Contumplion: No load, 35 waits. Full 
load, 140 waits. 

Dimensions: Ce)ntrol Unit, panel, 19 X 3)^ inch¬ 
es; de*pth behind pane*l, 7 inches. Regulator 
Unit, paiU‘l, 19 x 7 ineh<*s; depth behind panel, 
USf.i inches. 

Net Weight: 97 pouilds. 


Ratings 


•Output Voltage jit'r phase... 

1570.ALS25 

1570-AHS25 

115 ± 10% 

230 =h 10% 

••Input Voltage a« a piTcent of Output Voltage. 

91% 

to 

109% 

82% 

to 

1187e 

91% 

to 

109% 

82% 

to 

118% 

Outfmt Current |M*r phase.... 

25 

12.5 

10 

5 

Appnix. KVA (wye^**).. 

8.0 

4.3 

G.9 

3.5 

t.\e«?ura(*y in % of output volUige... 

0.5 

1.0 

0.5 

1.0 

ttSpe**d of n’sponsi*, volts per seeond. 

10 

20 

20 

40 


I teliji ratinjc is 1 I imee wyc ratine. *I ntertuil udjunt incnt. 

’^*li»truinoiit8 are shipiXMl contUKtted for riiiiKC unless dbl8% ntnite is /i|>eci(ie<l un order. 

t.XppliM only to measured phase. Other phases depend on input voUsure b:iianite. 
ttSlighlly less for very small voltusc corrections. 

Tijpe CiHle Woni Price 

1570-ALS25 3-phase Regulator, 115 volts. 1 DICKY $865.00 

1570-AHS25 3-phase Regulator, 230 volts. j DAILY 885.00 


POLYSTYRENE CAPACITOR DECADE 

100 per step 


Supplemcntuig the three poly.styrenc 
decades previously announced,* a new 
decade with capacitance steps of 100 
/i/if is now available. Like its companion 
units of 0.001, 0.01, and 0.1 /zf per step, 
this new decade is admirably suittHj for 
applications that call for high insulation 
ri'sistance, low dielwtric alisorplion, and 
constancy of capacitance and dissipa¬ 
tion factor as a function of frequency. 

Four capacitors are used in the dec¬ 
ade, with their magnitudes in the ratio 
1- 2 - 2 - 0 . Parallel combinations, as* .se- 

npcadc ('aporilors with Polv^trciie Diolcctric," 
r»Vnmd Hatlio Bsprrimaitrr, 31, 2, .luly, lO.'iC. 


Figuro 1. View of tho Typo 980-D Docodo Capocitonco 
Unit. 


lected hy the switch, yield all integral 
values from 1 to 10. Tlie switch is rigidly 
constructed and includes a detent mech- 
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Figure 2 {Imft). Change In capacitance as a function of frequency. Since the capacitors ore adjusted to their 
rated accuracy at 1 kc, the 1«kc value should be used as a reference for on estimate of the frequency error. 
(Right) Typical plot of dissipation factor os a function of frequency. 


aiii.sm for posilivo location of position. 
Tlie switch insulation, incliuling the 
.shaft, is hcal-rosistant, cro.ss-linktsl poly¬ 
styrene. Contact is ina<^le by cams Ix'ar- 
ing on jtliosphor-bronze springs, anti the 
wlutle contact structure i.s heavily silver 
plated. 

The individual capacitor units are 
wound from continuous interleaved 
tapt^s of polystyrene and metal foil. The 
foils projecting at each end of the roll are 
soldered together to minimize indu(*tance 
anil series resistance*. 


The tape u.sed for the dielectric is 
.specially prepartnl of purifuMl high-molec- 
ular-weight [)olystyrone, having \-ery 
high in.sulation resistance and freetioin 
from unwanttHl polarizations. Hermetic 
sealing with Teflon fetnl-through insu- 
latoi’s assures high performanct*, even 
under adver.se humidity ctinditions. All 
capacitor units are heat stal>ilizt‘<l, so 
that their long-time stability approaches 
that of the bi'st silvered-mi<*a capacitors. 

Terminals are provi<h*d for both *J- 
terminal and 3-terminal connections. 


SPECIFICATIONS 


Capacitance: Total Viillgr, U.OOl /if; per step, 
{).mn /if. 

Zero Capacitance: 2-ti*rnnii:il connection, approxi¬ 
mately II p/if; 3-tcrminjU connection, <lp/if. 
Accuracy: 2-terminal, db (Kc + 2 p/if »; 3-termi¬ 
nal, 4- 1%, — (2% 4- 1 ppf). Capacitance in- 
rrernent from zerf> s<*tting is within this percent¬ 
age of the indic.tted v,Hlue for .any splting. 
Distipation Factor: <().0()02. 

Insulotion Resistance: > 10*^ ohlilS at IfK) V, 

25^ C., .SOVv RII. 

Temperoture Coefficient of Capacitance: .Approxi¬ 
mately — 140 ppm /®C. 

Maximum Operating Voltage: 500 volts, dc or 
peak, :il friHpiencie.M up to 10 Me. 

Maximum Operating Temperoture: t»5* C. 

Dielectric Absorption: Sf*e Voltage Recov'cry. 
Voltage Recovery: <0.1^ of origin.al chiirgillg 
voltage after a charging period of one hovir and 


a lO-sccond di.seharge through a re.sLst.Miiite 
ifpial to one ohm per volt of charging. 
Dimensions: See sketch. 

Net Weight: 2 (touiids, 2 ounce.s. 


2 mV HOLCS 
^10~32 TAP 


i DIA. SHAFT 

\ * 


Figure 3. Dimen¬ 
sions of the Type 
980-D Decade Ca¬ 
pacitance Unit. 


4^^ 




« 



OePTH BEHIND 
PANEL J/ 


980'D 


Type 


('(hlv Word Pricp. 


980-D ' Decade Capocitor Unit 


AUKN I $S7.00 
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ORTHONULL-A MECHANICAL DEVICE TO 
^ IMPROVE BRIDGE BALANCE CONVERGENCE 


linpfHiaiico l)ri(lges can Kcncrally b<‘ 
dividfNi into two classes, dopeiulini? upon 
I he location of the two adjustable com- 
ponenls in the bridp;€* circuit. These ad¬ 
justments may lie either in the same 
bridge arm or in difTerent arms, juui 
their p«jsiti<ms determine what the 
bridge will n*a<l and how llu‘ balance 
will converge on the null. 

The familiar Maxwell inductance 
bridge may take either of the-^s* two 
forms as shown in Figure 1. 'rhe balance 
ecpinlions are the .same for both forms. 
However, dial Heading must, in general, 
be* prot>orlional to only one variable eh*- 
menl, so that the quantities indicated on 
the dials are difT(*rent for th<*.se two cir- 
eiiits as shown. 

riie bridge* that reads L and has 
several important advantages: (I) It 
reads which is g<*iierally a m*)re th*- 
sired (piantity than U because* it gives 
:i measure nf the purity or (piality of the 
indiu tor nv ithout calcidation; (2) because* 
the standard capacitor is Hx<*<l, it can 
more i*:Lsily be made large to [lermit 
higher L and Q values to be mea.sure<l; 
aiitl (.3) both adjustments are variabh* 
resistors, wliich can la* continuously 
adjustable ov<*r a wide range. 

'I'he LA) bridge has one di.s:idvantag(‘. 
however: when lo\\-f^> compon<*nts are 
tneasuml, the balancing proccMiure Ix*- 
comes tixlious and often impossible, 


owing to slow convergence of the bal¬ 
ance. This con<lition, often referreni to as 
a ‘^sliding null,** can be reme<li«*d by a 
mci'hanical unilaleral ganging called 
Orthonull, a patented device usexi for the 
first time on the (IH Typk ItioQ-A Im- 
I><‘<iance Bridge df»scribefi la.st month.* 

Cause of Sliding Null 

Tin* output voltage of an unl>aianccHl 
Maxwell bridge may be written in the 
form 

xA-joiLx —( 4-/Wi' 

hn ^ _ \ Hr _ 

Efx Denominator 

The denominator is a compln*ate<l fuin*- 
tion of the bridgi* arms and generator 
and detector impi'dances. and. for I lie 
purposi»sof this analysis, one can assume 
that it is constant in the region near the 
null. The numerator is nnnle up of the 
ililTerence l)etwe<*u the “unknown” im- 
pi^lance and a function of the bridgi* 
components, which w’(* will call tin* 
“bridge impeilance.” \t null, the.s4* two 
imp(Hlances are eipial. DIT null, the out¬ 
put voltage is proportional to the differ¬ 
ence bet wi'cn these two i|uantitir*s, which 
is tlie distance betwii'u them on the 
I’omplex jilane. In balancing the bridgi*. 
one adjusts the variable components 

UIrtll, II. P., **.\ Now I rilV«T*-«l hMp«'«litn<r IlrMlKr," 
lioijonjl llaflio Exiitrimmltr, Miiri'li. lO.V.l. Vol. 33, N*f». 3, 
pp 3-il 


Figura 1. Two typos of Max wall induclonco bridgo. 
L-R BRIDGE L-Q BRIDGE 




L,“I<RaO, 
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aKoniiitoly to give a minimum output 
voltiiffu, repeating tlu* proi’C*s.s until n 
satisfactory balniwc* is rnicheil. 

In tlu* l.-Q hruige, tlu* two a<lju.s1- 
al)k* components an* Hs and Rt- From 
tlu* equation above it can be seen that an 
adjustment of Rr varic\s only the real 
part of the bridge imptNlance and there¬ 
fore would move this imp(‘<l{uice horizon¬ 
tally on the complex plane as shown in 
Figure 2. Both the n*al and imaginary 
parts are proportional to tlu* other ad¬ 
just fn«*nt, R\,t^o that a variation of this 
quantity causes the bridge impinlance to 
move radially from tlu? origin. VV'hen Q 
IS high. thes<* two adjustments have loci 
that lire almost orthogotial, but when (J 
approaches zero, the loci l>eeome mo?** 
and more nearly parallel. It is obvious 
I hat. at low (J values, a variation in oidy 
the imaginary (vertical) direction in- 
volv'(*s adjustments of both variable 
(juanlities. I’he proc(*ss of balancing is 
somewhat analogous to that of tacking 
with a sailboat that won’t point close 
to the wind. 

Examples of two balaiua* loci are 
given in Figure3. Many adjustments are 
needetl to obtain a balance, and it can 
be seen that each adjustment makes so 
.small an improvement in the output 
voltage that in practice* it is often un- 
noticeable, especially if an aural null 

Figur* 2 {Imh). Loci of odjusfmonts on tho Z plan*. 


indication is us(?d. In this plot, the (} of 
tlu* unknown is 0.5 which isn't veiy lou. 
The situation is much wor.se if the Q is 
hnver. 

Orthonull Mechanism 

Orthonulf makes it possible to get an 
indepeiulent adjustment of the imagi¬ 
nary part of tlu* bridge impedance and 
hence rapid convergence*. 'Fo do this, t lu* 
ratio Rs R-p ui the real part of Expiation 
(I) is kept constant as R^ is varied by a 
ganging of thi* two adjustment.s. How¬ 
ever. when Rr is varied, Rs aiul Rr 
are not ganged so that only the real pari 
is varic*d. 

'Fhe mcH’hanism to obtain the uni¬ 
lateral ganging on the Tyi*k lOoO-A 
Bridge is shown in Figure 4. The fri<*- 
tion clutch which is engiiged when Or- 
thonull is active has .sufficient friction 
to drive ea.sily the low-friction f>-Q 
sistor (/fv*). However, the CTIL resistor, 
R\, is loa<k*<l by a vernier adjustment 
and by a mechanical justifying mwlian- 
ism so that its friction is high enough 
to prevent coupling in the reverse di¬ 
rect ion. 

If the two re.sistors were always gangcnl, 
tlu* ratio /f y ^ <'<^'tkl be made constant 

*r S. Culfiil No. 2,.S72,fi3«. 

*Thi« iu>*ttfyinK iiuH’iinnistn i« an ratii uml cutii 

followrr. which varict* the position of the |>otcntiometcr 
rotor with rctt|H*i't to thcs^hiift ami to I'ointtciii.ate for 
viiriatlonii In the winding. 

Figure 3 (righf). Idealized boloncing loci; O « Vi. 


VARIED 
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by nst» of resistors of any similar char¬ 
acteristic. However, since Hf must he* 
moveel independently of /^y, an<*xponen- 
tial R vs. $ characteristic is n(*c(»ssary in 


Figur* S. Plot of total numbor of boloncot roquirod 
to ochiovo 1% final bolonco. with and without 
OrfhoouR, a« a function of Q. 



order that a given angular change will 
always produce* the* same fractional rtv 
sistane*e e*hange*. Fetrtunatoly, resistors 
with exponential windings have logarith¬ 
mic dials, whiedi are de*siral>le for con¬ 
stant percentage hrielge accuracy. The 
f)-(J resistetr etf the Tyi»k ItViO-A Im- 
petiane*e Brielge is a 54-<lh |K)tentiometer 
anel the CRL dial is letgarithmic over a 
21-ell) range. The elifTere*ne*e in exponen¬ 
tial span e)f the* two r(*siste)rs rf*sults in a 
pulley ratio that is favetrahle to torque 
transmission in the elirection r(*<|uire<l. 
The [ndleys are* e'emnecteHl by a wire 
cable* with .spring tak(‘-up to prevent 
bae-klash in the aeijustments, and two 
hall bearings are useel to reeluce drag. 

Advantages 

The advantages of OrthonuU opera¬ 
tion can most easily be illustrated by 
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the experimental plot. Figure .I, of Q vs. 
the iiumher of adjustments nivessary 
to get a 1% halaiK'e. At high four 
a(Ijlistnnaits, two of each potentiometer, 
ar(‘ gema ally re(piired wheth(*r Orthonnll 
is used or not. Hi?low a () of 2, however, 
the curve lor “no Orlhonnir* (phckly 
ris(*s while the nuniher of niljustments 
necessary has not increased for halancc‘s 
with Or Hum nil. 

False Null 

Without Orthonnll it is impossihle to 
obtain a F J balance down to Q values of 
about I'o if the usual balancing pro¬ 
cedure is us(xl. Under these conditions, 
a false null is reacinxi whc*re an adjust¬ 
ment ot eithiT variable elemcMit only 
causes a larger bridgi* unbalanct*. The 
|)henomenon is dm* to the finite re.solu- 
tion of the resistor and may bi* (*x* 
plaineil witli the aid of Figiir(‘ li. Let us 
lussume that the Ry adjustment is varied, 
moving the locus of the bridge imped- 
anc(* along tlie radial line as shown. 1'he 
bc*st minimum output voltage occurs at 
point /^ wliich is theidosest point on the 
line to the unknown. The operator would 
then mak<* a hfirizontal, /i*/*, adjustment, 
but siiK’e the rc'solution is finite. th<‘ 
locus must jump to either P' or P'\ 
both <»f which are further from the un¬ 
known than P. 'rher<*fore, an luljustmcnt 
of either variable increjuses th<‘ bridge 
output voltag(‘, and the opiM’ator would 



\ UNKNOWN 

Figure 6. Folse null. Resolution of kj s 0.5%; if 
O ~ 0.2, the error in L con be os great os 6.25%. 

assume this point to be the best null. It 
can bo shown tliat this balance can 

result in an error of as much as 

where is the percent resolution of Hy, 
For the KioO-.V. that tin* 

error would be 1% when Q =' •_» and 
when Q =0.1. 

It should be noted that the “false iiuir* 
error descrilted above can l»e avoidixl by 
a irial-and-error method. In this pro- 
cfxlun* one starts with various Py values 
and makes su<*cessi\ (* balanc(‘s, each of 
which will be a “false null.” The best 
Italanee may eventually beobtaincMl in a 
logical manner if the detector indication 
is ustxl as a guide in the choice of the 
succeetling initial Py value. Necxlless to 
say. this is a tinuM'onsuming procixlure. 

Multiple Dips 

rhe finite re.solution of the P^ re¬ 
sistor also has an efTect on balances made 
with Orthonnll, lap does not limit theac- 


Figur« 7. Efl«cl on output voltage, Eq, of limited resolution of Rj, assuming that is ideal, Rj has 0.5% 

resolution, and Q = 0.1. 


RxSt 
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Figure 8. Effect on output voltage, Eq* limited resolution of Rfy and Rf, assuming 5|i^sr0.2%, 
5f = 0.5%. and 0 = 0.1. 


curacy. Iiisteacl, the limited resolution 
causes the output voltage to make re- 
peattnl dips as /?y is varied, and the best 
flip can be chosen to give a more ac¬ 
curate reading. If both resistors were 
perfectly continuous, a variation in Ry 
would mov^e the locus of the bridge im¬ 
pedance vertically on the complex plane, 
<lue to Orthouull action. However, if /? 7 ^ 
has finite resolution,an adjustment of /f y 
results in a zigzag locus, as shown in 
Figure 7a, where each line corresponds 
to the variation of for one particular 
wire of Rr- Since the output voltage is 
the distance between the unknown, Z.y, 
and the zigzag line, this voltage will go 
(hrough a series of dips as /?y is varied, 
as shown in Figure 7b. If the best null is 
chosen, the error is always le.ss than 
57’/2, which is 14% Typk 1()oO-A 

Impedance Hridge, and thus the error of 
the false null of Figure 0 is avMiided. 

Actually, of cour.se, both Rt and Rs 
have finite resolution since both are wire- 
wound potentiometers. The Ry (CRL 
resi.stor) re.solution is about 0.2%. As a 
re.sult, the locus of Ry variation is not a 


Figure 9. Accuracy to be expected in measurement 
os a function of O, with and without Orthonvil. 
"Folse null" error is also shown. 


series of curves as indicatcxl in Figure 7, 
but a step from one wire to another as 
show'll in Figure 8. This latter figure is 
idealized in that the ratio of resolutions 

dy 

of the two potentiometers, is as- 

Slimed to be exactly 2/o, w'hich results 
in an even pattern of possible balance 
points. As Ry is varied, the output 
jumps in discrete steps, with large jumps 
coming as the setting of the coarser po¬ 
tentiometer, Rrt changes from wire to 
wire. 

The most important limit on accuracy 
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is that it is possible to get a bridge 
lialance that is in error by approxi¬ 
mately but which is as good as 

the best possible balance. This occui*s 
when the unknown is in the worst po.s- 
sible location, in the complex plane, i.e., 
where it is farthest from any lialance 
point. 

Other, less important, limits on the 
accuracy are backlash, which is small, 
and rcHlucod sensitivity, both of which 
cause errors proportional to 1 /Q. 

Many expcTimental balances were 
made to see what .sort of accuracy crould 
be expected, and it would scnmi that, 
with reasonable care, one should be able 
to get balanceof I%or0.15/Q%, which¬ 
ever is larger. This is plottwl in Figure 
11. .Mso on this plot is the possible error 
occurring lus a re,sult of the ‘‘fals<^ null’* 
wh<*n conventional balancing technique 
is use^l as described above. A more prac¬ 
tical limit for operation without Or- 
tliojudl is the line which sho\\'s tin* aj)- 
proximate accuracy possible with 20 
balance adjustments starting with a 
4-100% unbalance in inductance. 


Conclusion 

OrthmuU makes possible rapid bal¬ 
ances at low Q values, avoiding the “slid¬ 
ing null.” The basic bridge accuracy is 
not afi’ecte<l since OrihonuU only afTecMs 
the manner in which the balance is 
made. ElTectively the accuracy at very 
low Q values is improve(i by avoidance 
of “fals(* nulls.” 

It slvould be pointed out that on the 
Type ir>50-A Impinlance Hritlge the Or¬ 
thonull mechanism can be use<l for high 
D capacitance measurennaits as well as 
low Q indu«‘tance measun'ments. Tin* 
device can be di.sengiiged so that high Q 
(low D) balan(M»s can be ma<le in tlie 
usual manner. 
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GENERAL RADIO EXHIBITS IN CANADA 


Our C'anadian friends will have an 
opportunity to see the latest General 
Radio instruments for acoustic measure¬ 
ments at the exhibit to be held at the 
meeting of the Acoustical Society of 
America at Ottawa, May 14-10. 


A General Radio travc4ing display 
will be in Ontario and (Quebec from May 
II to May 2S. It will be at the Seaway 
Hotel in Toronto on May 10 and at the 
Capri Hotel in Montr(*al on May 24, 
from 12 to 0 p..m. 


ERRATA-TYPE 1650-A IMPEDANCE BRIDGE 


Please note the following corr(H*tions 
to the specifications for this instrument 
appc‘aring in our March issue: 

Capacifanca Accuracy: dr 1% db 1 p/xf* 


Fraquency Range for R: 20 1t» 5 kc. 

On page 7, under Iron-Core Inductors, 
the last line of the lirsl paragraph should 
read “at initial permeability.” 



General 


Radio Company 
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